• Pyrite-type 3d transition-metal dichalcogenides MS 2 (M=Fe, Co, Ni, etc.) exhibit a wide variety of interesting electrical and magnetic properties. The transition metal 3d electron configuration varies from t 6 2g e 0 g , t 6 2g e 1 g , to t 6 2g e 2 g for FeS 2 , CoS 2 , and NiS 2 , respectively. FeS 2 is a semiconductor with a band gap of E g ≈0.9 eV, CoS 2 is metallic and orders ferromagnetically below T c ≈ 120 K, NiS 2 is an antiferromagnetic insulator with E g ≈0.3 eV, and T N =40 K. The transition-metal ions in these compounds are divalent and have a tendency to take lowspin states: FeS 2 is nonmagnetic (S=0) and CoS 2 has a saturation moment of 0.85 µ B /Co close to that of S=1/2. NiS 2 is a high-spin (S=1) compound. NiSe 2 and CuS 2 are Pauli-paramagnetic metals.
• CoS 2 has been considered as a candidate for a half-metallic ferromagnet (HMF), a metal for spin-up and a semiconductor for spin-down electrons. The rapid development of magneto-electronics intensified the interest in such materials. Adding the spin degree of freedom to the conventional electronic devices has several advantages such as the nonvolatility, the increased data processing speed, the decreased electric power consumption and the increased integration densities. The current advances in new materials are promising for engineering new spintronic devices in the near future.
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• Despite extensive theoretical and experimental studies of CoS 2 , its electronic and magnetic properties are not fully understood. Some of the experimental studies performed for CoS 2 are inconsistent with the theoretical prediction of a half-metallic character.
Crystal structure
CoS 2 has a simple cubic crystal structure with space group T 6 h (P a3, number 205). The most important feature of the pyrite-type structure is that the nearest neighbor S atoms interact covalently to form a sulfur-sulfur S−S dimer. Divalent Co 2+ cations are located at the center of an octahedron comprised of S 2− 2 anions. Each sulfur is shared by three different octahedra and a single dimer. The sulfur-cobalt interatomic distance in the octahedra is 2.325Å, the sulfur-sulfur dimer S−S distance is 2.112Å.
LSDA band structure for CoS 2 The hybridization between the Co t 2g and S 3p states is quite weak, however, there is a strong hybridization between the Co e g states and the S 3pσ * ones. Three energy bands in the 1.5 − 2.5 eV energy region above the Fermi level are predominantly of the S 3pσ * character. Although the energy bands between −0.7 and 1.5 eV are mostly derived from the Co e g states, the empty band closest to the Fermi energy is almost pure S 3p band in the vicinity of the Γ symmetry point. • The occupied part of the valence band can be subdivided into several regions. S 3s states appear between −17.2 and −11.8 eV. Because of the strong covalent bonding nature of S−S dimers, each S band can be identified with corresponding molecular orbitals. The two peaks in the highest binding energy side are the bonding S 3sσ and the antibonding S 3sσ * bands, respectively;
Partial DOSs
• The broad band of about 6.5 eV width between −8 and −1.5 eV consists mainly of S 3p, which is a mixture of 3pσ, 3pπ, and 3pπ * bands. The antibonding S 3pσ * intradimer band is located at 2.5 eV above the Fermi energy. ;
• S 3d states are situated above 4.65 eV and separated from the antibonding S 3pσ * band by energy gap of 2.45 eV;
Optical spectra • The theoretically calculated optical reflectivity spectrum of CoS 2 is larger than the experimental measurements. One of the possible reasons for this is a non-ideal sample surface, which roughness can reduce the optical reflectivity.
Co L 2,3 XMCD spectra • The XMCD spectra at the L 2,3 edges are mostly determined by the strength of the spin-orbit coupling of the initial 2p core states and spin-polarization of the final empty 3d 3/2,5/2 states while the exchange splitting of the 2p core states as well as the SO coupling of the 3d valence states are of minor importance for the XMCD at the L 2,3 edge of 3d transition metals. • The pre-edge structure in XAS is caused by the Fano effect, due to an interference between the direct photoemission from the 3d state and the super Coster-Kronig decay following the 3p → 3d core excitation [3] . • The experiment: Ref. [3] .
• The experimentally measured S L 2,3 x-ray absorption spectrum consists of two peaks separated by an energy gap. This reflects the energy distribution of the corresponding S partial DOS's (see Fig. 2 . The first fine structure closer to the edge is formed by the transitions to the 3pσ * states, while the more intensive structure above 4.5 eV is due to S 2p → 3d interband transitions.
Co and S XMCD spectra at the K edge • The main x-ray absorption in Co XAS occurs above 4 eV with relatively low intensity in 0 to 4 eV energy range above the K edge. The most intense x-ray absorption in S K XAS is at low energy less than 4 eV because the absorption in this energy range is due to the S 1s → 3pσ * interband transitions.
• The S 3p -Co 3d hybridization and the spin-orbit interaction in the 3p states play a crucial roles for the S K edge dichroism. The K XMCD spectra originates in the orbital polarization of the empty p states, which may be induced by (1) the spin polarization of the p states through the spin-orbit interaction, and (2) the orbital polarization at neighboring sites through hybridization. We calculated the K XMCD spectrum at the S site with the SOI turned off separately for the S 3p and the Co 3d states. We found that the K XMCD spectrum changes slightly when the SOI on the S site is turned off, while the spectrum almost disappears (reduced its intensity almost two orders of magnitude) when the SOI on the Co site is turned off. This indicates that the SOI on Co site influences the orbital mixture of S 3p states through the S 3p -Co 3d hybridization.
Conclusions
• CoS 2 is almost a half-metallic ferromagnet with the partially filled e g↓ subband. This result is consistant with the point-contact Andreev reflection [5] and PES [6] measurements, with the observed saturation magnetic moment of 0.85µ B , [7] and with the inelastic neutron scattering measurements. [8] All these experimental results indicate that the e g↓ band in CoS 2 is partially filled.
• Due to the delocalized nature of the p states and wide extend of p wave functions K XMCD spectra are very sensitive to the surrounding environment and, hence, the K XMCD spectroscopy can be used as an effective probe which can detect details of magnetic interatomic interactions in transition metal compounds.
